Abstract: Pancreatic neuroendocrine tumors (PNETs) are relatively rare and generally considered to follow an indolent course. However poorly differentiated or metastatic PNETs can also behave in an aggressive manner with a 5-year survival as low as 30% in non-functioning PNETs. Many therapeutic agents have been tested in the treatment of NET including Interferon alfa, streptozocin or temozolomide-based combination chemotherapy with an objective response of 10%-30%. Moreover these agents are less effective in patients with advanced carcinoid tumors and their prolonged use is often associated with added toxicity. A number of other signaling pathways have also been implicated in neuroendocrine tumors, which also express platelet-derived growth factor (PDGF), PDGF receptor (PDGFR), insulin-like growth factor-1, insulin-like growth factor receptor, basic fibroblast growth factor, transforming growth factor, epidermal growth factor receptor, and stem-cell factor receptor. Sunitinib malate (SUTENT ® ; Pfizer Oncology) is a small molecule kinase inhibitor with activity against a number of tyrosine kinase receptors, including VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-α, PDGFR-β, stem-cell factor receptor, glial cell line derived neurotrophic factor receptor and FMS-like tyrosine kinase-3. This review will present data regarding sunitinib progress in PNET, demonstrating its effectiveness and the emerging hope it may provide for such a disease with limited treatment options.
Introduction
Pancreatic neuroendocrine tumors (PNETs) are relatively rare and generally considered to follow an indolent course. However, poorly differentiated or metastatic PNETs can also behave in an aggressive manner with a 5-year survival as low as 30% in nonfunctioning PNETs. 1 The most common presentation is the carcinoid syndrome, which is associated with high serotonin levels, episodic flushing, diarrhea, and right-sided valvular heart disease. 2, 3 When neuroendocrine tumors are diagnosed at an early stage, surgical resection is often curative. 4 However palliative options for patients with advanced neuroendocrine tumors are limited.
Approximately 90% of neuroendocrine tumors express somatostatin receptors. 5 Although somatostatin analogs are effective in ameliorating hormonal secretion symptoms, they rarely result in tumor regression. 6, 7 Many therapeutic agents have been tested in the treatment of NET including interferon alfa, streptozocin or temozolomide-based combination chemotherapy with an objective response of 10%-30%. [8] [9] [10] [11] [12] Moreover, these agents are less effective in patients with advanced carcinoid tumors and their prolonged use is often associated with greater toxicity. 13 The highly vascular nature of neuroendocrine tumors led to initial interest in angiogenesis inhibition as a treatment modality.
14 Overexpression of vascular endothelial growth factor (VEGF), together with VEGF receptor (VEGFR) subtypes, has been observed in both carcinoid and pancreatic endocrine tumors, suggesting that autocrine activation of the VEGF pathway may promote tumor growth. [15] [16] [17] A number of other signaling pathways have also been implicated in neuroendocrine tumors, which also express platelet-derived growth factor (PDGF), PDGF receptor (PDGFR), insulin-like growth factor-1, insulin-like growth factor receptor, basic fibroblast growth factor, transforming growth factor, epidermal growth factor receptor, and stem-cell factor receptor. [18] [19] [20] [21] [22] [23] [24] [25] [26] Sunitinib malate (SUTENT ® ; Pfizer Oncology) is a small molecule kinase inhibitor with activity against a number of tyrosine kinase receptors, including VEGFR-1, VEGFR-2, VEGFR-3, PDGFR-α, PDGFR-β, stem-cell factor receptor, glial cell line-derived neurotrophic factor receptor and FMS-like tyrosine kinase-3. [27] [28] [29] [30] Sunitinib antitumor activity was reported in patients with renal cell carcinoma (RCC) and GI stromal tumors (GIST) and subsequent trials in both RCC and GIST confirmed antitumor activity and safety in these tumor types. [31] [32] [33] [34] This review will present the data regarding sunitinib progress in PNET demonstrating its effectiveness and the emerging hope it may provide for such a disease with limited treatment options.
Natural History of the Disease
PNETs have long been considered to be rare as far as pancreatic neoplasms are concerned. Surveillance, Epidemiology and End Results (SEER) data reports an incidence of 1.4%, with a far better overall prognosis and long term survival as compared to cancer arising from the exocrine pancreas. 35 Interestingly, autopsy studies suggest that although not clinically apparent, the incidence may actually be higher; up to 10%. 36 A recent epidemiological study reports a greater prevalence of neuroendocrine tumors than previously reported. Using SEER data from 1973-2004, a significant increase in age-adjusted incidence was found: 1.09 per 100,000 inhabitants in 1973 to 5.25 per 100,000 inhabitants in 2004 (Fig. 1) . For those tumors which originate in the pancreas, the incidence was reported to be 0.32 per 100,000 from 2000-2004, with a median age of 60 years at diagnosis. These tumors are generally felt to be more slow-growing and indolent than other malignancies, but in the analysis only 14% of patients presented with localized disease, 22% with regional involvement and 64% with distant metastases. 37 Standard medical therapy aims to treat symptoms of these tumors with somatostatin analogues or interferon alpha. Somatostatin analogues result not only in the palliation of symptoms, thereby improving the quality of life. 38 Therefore, octreotide remains the mainstay of treatment for these tumors. In addition Streptozosin, adriamycin, 5-FU and dacarbazine have been used both as single agents and in combination, with streptozosin/doxorubicin as the recommended regimen. 39 Well-differentiated PNETs have been found to have a poor response to chemotherapy as compared to poorly differentiated tumors. This is thought to be related to low mitotic rates (the majority of patients with a Ki-67 of less than 2% in the PROMID study), high levels of bcl-2 and higher expression of the multidrug resistance gene. 40 A study of cisplatin/ etoposide was associated with a 67% response rate for poorly-differentiated tumors with little activity in well-differentiated tumors, making this an option for those less differentiated cases. 41 Temozolomide has been also studied as an option based on the activity seen with dacarbazine, as they both share an active metabolite. Responses have been reported for PNET tumors with lower levels of O-6-methylguanine-DNA methyltransferase (MGMT) expression with one study describing deficiency of MGMT expression in 51% of pancreatic neuroendocrine tumor samples, and 34% of these demonstrating a partial or complete response to temozolomide based regimens. 42 
Sunitinib in PNETs: The Rationale and the Efficacy
As previously mentioned PNETs have increased expression of several receptors, including those for EGF, PDGF, insulin-like growth factor (IGF)-1 and VEGF. In the RIP1-Tag2 transgenic mouse model of pancreatic islet cell carcinoma, sunitinib reduced tumor burden and increased median animal survival (18.8-24 weeks) by inhibiting the proliferation of VEGFR-dependent endothelial cells and by reducing the PDGFR-dependent pericyte coverage (P value = , 0.05). 43 Among three patients with advanced neuroendocrine tumors who entered in the phase I trials primarily referred for tumor progression after several lines of chemotherapy, one exhibited an impressive partial response and two others experienced sustained tumor stabilizations. 44 This potential efficacy has paved Year   1973  1974  1975  1976  1977  1978  1979  1980  1981  1982  1983  1984  1985  1986  1987  1988  1989  1990  1991  1992  1993  1994  1995  1996  1997  1998  1999  2000  2001  2002 45 Radiologic response was chosen as a primary end point of the study and patients were also observed for time to response/progression, survival, toxicity, reported outcomes and drug exposure levels.
The results of this study showed that: overall objective response rate (ORR) in pancreatic endocrine tumor patients was 16.7% (11 of 66 patients), and 68% (45 of 66 patients) had stable disease (SD). Among the carcinoid patients, ORR was 2.4% (one of 41 patients), and 83% (34 of 41 patients) had SD. Median time to tumor progression was 7.7 months in pancreatic neuroendocrine tumor patients and 10.2 months in carcinoid patients. One-year survival rate was 81.1% in pancreatic neuroendocrine tumor patients and 83.4% in carcinoid patients. 45 In both populations no significant differences from baseline in patient-reported quality of life or fatigue were observed during treatment. The toxicity profile of sunitinib in this study was similar to that observed in trials of sunitinib in other disease types. The most common treatment-related toxicities were constitutional (fatigue and anorexia) or GI (diarrhea and nausea). Hypertension, a toxicity also observed with other inhibitors of the VEGF pathway, was observed in 15.9% of the patient population. It is worth noting that hypertension was more common in carcinoid patients than in patients with PNETs (19.7% vs 9.8%, respectively), a finding possibly related to concurrent secretion of vasoactive neuropeptides in some carcinoid patients. A higher incidence of grade III leucopenia in PNETs patients than in patients with carcinoid cancers (18.2% v 7.3%, respectively) may be attributable to the greater number of PNET patients who had received prior systemic therapy, including cytoxic chemotherapy. 45 Kulke et al concluded that treatment with sunitinib resulted in objective tumor responses in patients with pancreatic neuroendocrine tumors. Sunitinib may also be associated with an antitumor effect in carcinoid tumors, but this could not be clearly determined in this non-randomized study. Further investigation of sunitinib in the randomized setting or in combination with other agents is warranted in these diseases.
Sunitinib in phase iii trial: the proved efficacy
It was evident that the promising results from the phase II trial conducted by Kulke et al had set the fundamental basis for the launching of a larger phase III randomized trial.
A large phase randomized, double-blind placebo controlled phase III trial was launched to evaluate the efficacy and safety of sunitinib vs. placebo in patients with advanced well differentiated PNETs who had a disease progression within 12 months prior to enrolment. 46 Patients meeting the eligibility criteria were enrolled between June 2007 and April 2009. Median PFS was 11.4 months in patients receiving sunitinib vs. 5.5 months in the placebo arm (P = 0.0001). The objective response rate with sunitinib was 9.3% (95% CI: 3.2% to 15.4%), including 2 complete responses and 6 partial responses, vs. 0% in the placebo arm (P = 0.0066). Overall survival was improved with sunitinib (HR: 0.409; P = 0.0204). The trial enrolled 171 patients with well-differentiated PNETs with disease progression in the prior year and they were randomized to receive sunitinib 37.5 mg/day (86 patients) or placebo (85 patients). Overall, 95% of patients had distant metastases, 89% had prior surgery, and about half received prior chemotherapy (52% in the sunitinib arm, 59% in the placebo arm).
Approximately 25% of patients received prior somatostatin analogs (24% sunitinib arm, 22% placebo arm). In this study, 49% of patients had functioning tumors. Because the study was terminated early, median overall survival was not reached. However, median progression free survival was found to be significantly longer in the group treated with sunitinib (11.4 months versus 5.5 months) with fewer adverse events (leucopenia, hand and foot syndrome, hypertension and neutropenia ranging from 6%-12% in the sunitinib-treated arm). 46 In the same trial, the investigators tried to assess the patient reported tolerability of the sunitinib arm by using a quality of life questionnaire. Overall, 73 out of 86 patients in the sunitinib group and 71 out of 85 patients in the placebo group were evaluable. Data were obtained on day 1 of every 4 week cycle, and data from the first 10 cycles were analyzed. Although diarrhea and insomnia seemed to be statistically worse in the treatment group, quality of life scores did not show clinical or statistically significant differences. Thus, sunitinib appears to be a viable treatment option in terms of patient tolerability. 47 A sub group analysis was performed in order to determine whether there are certain patient characteristics, which might predict a better response to sunitinib therapy. The parameters evaluated were age (less than 65 years versus more than, or equal to, 65 years), race (caucasian or not), gender, performance status (Eastern Cooperative Oncology Group (ECOG) 0 compared to 1 and 2), number of sites of metastatic disease (2 or less versus 3 or more), and time from diagnosis to enrolment in study (more than 3 years versus 3 or less). All groups benefited in terms of progression free survival. Prior therapy did not have an effect on response to treatment. For the analysis, 72 patients had Ki-67 values available, and for those with Ki-67 index equal to, or less than 5%, there was a progression-free survival improvement with a hazard ratio (HR) of 0.378 (P = 0.0259).
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Conclusion
It is likely that sunitinib (SUTENT ® ; Pfizer) demonstrates efficacy in PNETs thereby leading to the conclusion that sunitinib is a viable treatment option in all patients with advanced well-differentiated pancreatic neuroendocrine tumors. It is evident that sunitinib will pave the way for further trials in other neuroendocrine tumor types such as carcinoids, poorly-differentiated neuroendocrine diseases, and several other endocrine tumors which are dependent on VEGF/VEGFR for angiogenesis. With other distinct mechanisms of action, such as mTOR inhibitors, which are currently being investigated in phase III trials, multiple medical options to control tumor growth and metastasis will be offered to patients in a disease that was thought to have limited choices.
